Solucoes e respostos parciais 
dos problemas fundamentals 


Capitulo 2 

F2.1. F„ = 7(2 kN) 2 + (6 kN) 2 - 2(2 kN)(6 kN)cos 105° 


= 6,798 kN = 6,80 kN 

sen<fl _ sen 105° j. _ „ 4Q o 
6 kN 6,798 kN’ v ~ ’ 

0 = 45° + 0 = 45° + 58,49° = 103° 


F2.2. F r = 7200 2 + 500 2 - 2(200)(500)cos 140° 
= 666 N 

F2.3. F r = 7 600 2 + 800 2 - 2(600)(800)cos60° 

= 721,11 N = 721 N 

sen of sen 60° . ^ ■,-> qao 

800 721,11’ 

<j> = a - 30° = 73.90° - 30° = 43,9° 


F„ = 219,6 N 


F u 

_ 300 . 

sen 45° 

sen 105°’ 

F 

_ 300 . 

sen 30° 

sen 105°’ 

Fab 

_ 900 

sen 105° sen 30° 
F ab = 1738,7 N 

Fac 

_ 900 

sen 45° sen 30° 
F ac = 1272,8 N 

F 

_ 6 

sen 30° 

sen 105° 

F 

6 


1 — £ — 2 f — 3 nkN 

sen 30° sen 105° ’ 

5 = 6 F = 4 3Q kN 

sen 45° sen 105° v ’ 

F2.7. (^), = 0 (/•), = 300 N 

(Fi) x = — (450 N)cos45° = — 318 N 
( Fi) y = (450 N)sen 45° = 318 N 


= 300 + 400 cos 30° - 250^) = 446,4 N 
= 400 sen 30° + 25o(|-) = 350 N 


F R = 7(446,4)* + 350 2 = 567N] 

« = 'e' , W = 38 ' 1 °^ 


F2 - 9 - ±(F r ) x = ZF- 

(F r ) x = -(3,5 kN) cos 30° + 0 + (-|)(3 kN) 

= - 1,231 kN 
+ 1 (F R ) y = 2F- 

(. F R ) y = -(3,5 kN) sen 30° - 2 kN - (-|)(3 kN) 

= — 6, 15 kN 

F r = 7(l,231kN) 2 + (6,15kN) 2 = 6,272 kN 

0 = 180° + <}>= 180° + 78,68° = 259° 

F2 - 10 - ±(F r ) x = ZF x ; 

750 N = F cos 0 + (]j)(325 N) + (600 N)cos45° 

+ \{F R )y=lF- 

0 = F sen 0 + ({j)(325 N) - (600 N) sen 45° 

tg0 = 0,6190 0 = 31,76° = 31,8° A 
F = 236 N 

F2.ll. ±(F r ) x = ZF- 

(400 N) cos 45° = Fcos 0 + 250 N - ( j)450 N 
+ ](F R ) y = ZF- 

-(400 N) sen 45° = F sen 0 - ( j)(450 N) 

tg0 = 0,2547 0 = 14,29° = 14,3 ^ 

F = 312,5 N 


)600 N = 360 N 

F2.12. (F r ) x = 15| 

(4\ 

It) 

\600 N = 480 N 


/ o \ 

/ 

(F R )y = 1 5 j 

T 


F r = 31,2 kN 


0 = 39,8° 
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F2.13. F x = 75 cos 30° sen 45° = 45,93 kN 
F y = 75 cos 30° cos 45° = 45,93 kN 
F z = -75 sen 30° = — 37,5 kN 



F2.14. cosP = A - cos 2 120° -cos 2 60° =±0,7071 
Requer p = 135°. 

F = Fu f = (500 N)(-0,5i - 0,707 lj + 0,5k) 

= {— 250i - 354j + 250k} N 
F2.15. cos 2 a + cos 2 X 135° + cos 2 120° = 1 
a = 60° 

F = Fu f = (500 NX — 0,5i - 0,707 lj + 0,5k) 
= {250i - 354j - 250k} N 
F2.16. F z = (250 N) sen 45° = 176,78 N 

F' = (250 N) cos 45° = 176,78 N 
F x = (yj(176,78 N) = 106, 1 N 

F y = (y)(176, 78 N) = 141 ,4 N 
F = {- 106, li + 141,4j + 176 + 8k} N 

F2.17. F z = (750 N) sen 45° = 530,33 N 
F' = (750 N) cos 45° = 530,33 N 
F x = (530,33 N) cos 60° = 265,1 N 
F y = (530,33 N) sen 60° N = 459,3 N 
F 2 = {265i - 459j + 530k} N 

F2.18. F, = (|)(2,5 kN)j + (|)(2,5 kN)k 

= {2j+ 1,5k} kN 
F 2 = [(4 kN)cos45°]cos30°i 
+[(4 kN)cos45°] sen 30°j 
+(4 kN)sen 45°(— k) 

= (2,45i+ l,41j — 2,83k) kN 
F R = F, + F 2 = {2,45i + 3,4 lj - 1,33k} kN 

F2.19. t ab = {- 6i + 6j + 3k} m 

r t = 7(- 6 m) 2 + (6 m) 2 + (3 m) 2 = 9 m 
a = 132°, P = 48,2°, r= 70,5° 

F2.20. Tab = {— 2i + lj + 2k} m 

^ = 7(-2) 2 + (1) 2 +(2) 2 = 3m 

6= 180°- 131,8° = 48,2° 


F2.21. r B = {2i + 3j - 6k} m 

Ffl = 

= (630 N)^yi + yj — ykj 
= {180i + 270j - 540k} N 

F2.22. F = Fu AB = 900 N(-|i + \\ - |k) 

= {—4001 + 700j - 400k} N 

F2.23. F B = F B n B 

= (840 N)|yi - yj - ykj 
= {360i - 240j - 720k} N 
F c = F c u c 

= (420 N)^yi + yj — y’kj 
= {120i+ 1 80j - 360k} N 
F r = 7(480 N) 2 + (- 60 N) 2 + (- 1080 N) 2 
= 1, 18 kN 

F2.24. F b = F b u b 

= (3kN)(-li + }j-|-k) 

= {- li + 2j - 2k} kN 
F c = F c u c 

= (2,45 kN)|— yi + yj — ykj 

= {—2, li + l,05j — 0,7k} kN 
F r = + F s + F c = {-3, li + 3,05j - 2,7k} kN 

F2.25. u, 0 = -li + |j-|-k 

u F = - 0,5345i + 0,801 8j + 0,2673k 
0 = cos - '(u,, o -u F ) = 57 > 7 ° 

F2.26. u, B = -}j + |k 

"/=• = j> - jj 
6 = cos" 1 ( u AB • u F ) = 68,9° 

F2.27. = if 1 + 

j = i*m(1)cos 0 
cos 9 = -jy ; 6 = 67,4° 

F2.28. u OA = -jji + -jyj 

F = Fu f = [650j] N 
f r oA = ^' u oa = 250 N 
^oa - Fqa u oa — {23 1 i + 96, 2j } N 
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f2 - 29 ' F = (400 N) . 

7(4 m) 2 + (1 m) 2 + (-6 m) 2 
= {219, 78i + 54,94j - 329,67k} N 
u {-4j-6k}m 

A0 7 ( — 4 m) 2 + (-6 m) 2 
= — 0,5547j — 0,8321k 

(M,rc j = F-u /t0 = 244N 

F2.30. F = [(— 3kN)cos60°]sen30°i 

+ [(3 kN)cos60°]cos30°j 
+ [(3kN)sen60°]k 
= {— 0,75i + l,299j + 2,598k} kN 

«,=-fi + fj + lk 

(^,)proj = F ^ = 2 ’ 232kN 

(F^ = 7(3 kN) 2 - (2,232 kN) 2 
= 2,00 kN 


Capitulo 3 


F3.1. - ZF X = 0; - F AB cos 30° = 0 

+ 1 LF y = 0; | -F ac + Fm sen 30° - 2,75 kN = 0 

Fm = 2,39 kN 
F ac = 2,59 kN 

F3.2. + 1 ZF y = 0; - 2(7,5) sen 0 + 3,5 = 0 

0= 13,5° 

iA5C = 2 ( cos’ n™ 0 )" 3,09 m 

F3.3. - ZF X = 0; Tcos0- Tcos<t> = 0 

<6 = 0 

+ t2F y = 0; 2T sen 0 — 49,05 N = 0 
7’= 40,9 N 

F3.4. +/ZF X = 0; ±(F sp ) - 5(9,81 ) sen 45° = 0 
F sp = 43,35 N 

F xp = k(l — Iq); 43,35 = 200(0,5 - {,) 

4 = 0,283 m 

F3.5. +\ZF y = 0; (392,4 N)sen 30° - ^(9,81) = 0 

m A = 20 kg 


F3.6. +tSF;, = 0; T^sen 15° - 10(9,81) N = 0 
T AB = 379,03 N = 379 N 

i HF X = 0; T sc -379,03 Ncos 15° = 0 
1 BC = 366, 1 1 N = 366 N 

±ZF X = 0; 1 CD cos 0 - 366, 1 1 N = 0 
+ fZ7 : ;, = 0; T CD sen0- 15(9,81) N = 0 
T co = 395 N 
0 = 21,9° 

F3.7. 2F, = 0; [(y)/S](y) + 600 N — F 2 = 0 

= (f - [(tJ^Kt) = 0 

2F.= 0; ^-)f 3 + ^-^-900N = 0 

F 3 = 776 N 
F t = 466 N 
F 2 = 879 N 

F3.8. 2F = 0; F^-i)- 900 = 0 

F ad = 1125N = 1, 125 kN 

2F V = 0; F, c (i-)- 1125(|) = 0 

F ac = 843,75 N = 844 N 

2F, = 0; F ab - 843,75(|) = 0 

F ab = 506,25 N = 506 N 

F3.9. F *» = F ao{^ = jF, D i - \P AD \ 4- ±F AD k 

2F = 0; |f„ d - 600 = 0 
F A d = 900 N 

2F V = 0; F ab cos 30° - J-(900) = 0 

F ab = 692,82 N = 693 N 

ZF X = 0; y(900) + 692, 82 sen 30° — F AC = 0 

F ac = 646,41 N = 646 N 

F3.10. F, c = F ac {- cos 60° sen 30°1 

+ cos 60° cos 30°j + sen 60°k} 

= - Q,25F ac \ + 0,4330F^ c j + O^OF^k 
F ad = /^ D {cos 120°i + cos 120°j + cos45°k} 

= - 0,5F, c i - 0,5F, D j + 0,707 \F AD k 
ZF y = 0; 0,4330F„ c -0,5F„ o = 0 
2F = 0; 0,86607^ c + 0,7071F AD — 300 = 0 
F ad = 175,74 N = 176 N 
F ac = 202,92 N = 203 N 
ZF X = 0; F ab - 0,25(202,92) - 0,5(175,74) = 0 
F ab = 138,60 N = 139 N 
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F3.ll. F b = F 8 (^M 


'AB 


= F„ 


{- I,8i + 0,9j + 0,6k} m 


■J{- 1,8 mf + (0,9 m) 2 + (0,6 m) 2 


= -y^i + y^j+y^k 


•*te} 


= F C 


{— l,8i — 0,6j + 0,9k} m 


/(— 1,8 m) 2 + (—0,6 m) 2 + (0,9 m) 2 


= -^F c i-±F c i+lF c k 
Fd = F D i 

W = {-75(9,81)k}N 

if x = o--^f b -^f c + f d = o 

ZF y = 0;^F B -^F c = 0 

ZF y = 0; fa + ±F C - 75 X 9,81 = 0 
F b = 729,3 N 

F c = 1,5(729,3 N)= 1 188,5 N 
F d = 1697,8 N 


F4.8. Q + (M R ) 0 = ZFd; 


( M„)o = |(j)500 Nj(0,425 m) 

^500 N (0,25 m) 

[(600 N) cos 60°](0,25 m) 
- [(600 N) sen 60°](0,425 m) 
= - 268 N • m = 268 N • m ? 


F4.9. C + (M r ) 0 = ZFd- 

(M , )) 0 = (1500 cos 30° N)(2 m + 2 sen 30° m) 
- (1500 sen 30° N)(2 cos 30° m) 

+ (1000 N)(2 cos 30° m) 

= 4,33 kN • m 

F4.10. F = Fu ab = 500 N^i - jj) = {4001 - 300j} N 

M 0 = r 0A X F = {3i} m X (400i - 300j} N 
= {-1200k} Nm 
ou 

M 0 = r 0A xF = {4i} m x{400i - 300j} N 
= {-1200k} N • m 


Copitulo 4 

F4.1. C +Mq = 3 sen 50°(1,5) + 3cos50°(l,5) 

= 3,74 kN 

F4.2. C +Mg = -|yj(100N)(2m)-|yj(100N)(5m) 

= — 460 N • m = 460 N • m ? 

F4.3. C + Mq = [(300 N)sen30°][0,4 m + (0,3 m)cos45°] 

- [(300 N)cos30°][(0,3 m)sen45°] 

= 36,7 Nm 

F4.4. C + M 0 = (3 kN)(l,2 m + (0,9 m)cos 45° - 0,3 m) 
= 4,61 kN • m 

F4.5. C + M 0 = 50 sen 60° (0,1 + 0,2 cos 45° + 0,1) 

- 50 cos 60° (0,2 sen 45°) 

= 11,2 N - m 

F4.6. C + M 0 = 500 sen 45° (3 + 3 cos 45°) 

- 500 cos 45° (3 sen 45°) 

= 1,06 kN ■ m 

F4.7. C + {M„) 0 = LFd; 

C Mr) 0 = -(600 N)(l m) 

+ (500 N)[3 m + (2,5 m) cos 45°] 

- (300N)[(2,5 m) sen 45°] 

= 1254 N ■ m = 1,25 kN • m 


F4.ll. F = Fu 


nc 


= 600 N 


{1,21 — l,2j — 0,6k} m 


V(l,2) I + (-l,2)? + (-0,6) 2 
= {400i - 400j - 200k} N 
i j k 

M 0 = r c xF = 1,5 0 0 

400 -400 -200| 

= {300j - 600k} N • m 

ou 

« j k 

M 0 = r s xF= 0,3 1,2 0,6 

400 - 400 - 200 1 
= {300j - 600k} N • m 

F4.12. f b = F, + F 2 

= {(100 - 200)i + (- 120 + 250)j 
+ (75 + 100)k}N 
= {- lOOi + 130j + 175k} N 


(K)o=r A XF R = 


i j k 

0,8 1 0,6 
1-100 130 175 
= {97i — 200j + 204k} N - m 


F4.13. 


1 0 0 


— i (fos X F) — 


= 20 N • m 


0,3 0,4 -0,2 

300 -200 150 
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F4.14. 


F4.1S. 


F4.16. 


F4.17. 

u 


F4.18. 


F4.19. 


F4.20. 


r d _ (0,3i + 0,4j) 

r A 7(0,3 m) 2 + (0,4 m) 2 


Moa = u oa • (r ab X F) 
= — 72 N • m 


0,6 0,8 0 
0 0 - 0,2 
300 -200 150 


F = (200 N) cos 120°i 

+ (200 N) cos 60°j + (200 N) cos 45°k 
= {-100i+ 100j + 141,42k} N 
1 0 0 

Mo = i-(r,xF)= 0 0,3 0,25 

-100 100 141,42 1 

= 17,4 N-m 


M p = j(r,xF) = 


= 210 N • m 


0 1 0 
-3 -4 2 
30 -20 50 


_ Iab _ {-0,4i + 0,3j}m 

AB r AB 7 (- 0,4 m) 2 + (0,3 m) 2 

^ AB = U ^8 ' ( r AC X F) 


— 0, 8i + 0, 6j 


= — 0,4 N • m 


i j k 

|- 0,8 0,6 0 
0 0 0,2 
50 -40 20 
M, fl = M ab u ab = {0,32i - 0,24j} N • m 


F = 


Fy = 


y )500 N 
4 1500 N 


(})= 


240 N 


jJ = 320N 

F. = (500 N)(-|J = 300 N 

M x = 300 N(2 m) - 320 N(3 m) 
= - 360 N m 

M y = 300 N(2 m) - 240 N(3 m) 
= - 120 Nm 

M : = 240 N(2 m) - 320 N(2 m) 
= — 160 Nm 


C + M cr = ZM a = 400(3) - 400(5) + 300(5) 
+ 200(0,2) = 740 N • m 
Tambem, 

C + M cr = 300(5) - 400(2) + 200(0,2) 

= 740 N • m 

C + M cr = 300(0,4) + 200(0,4) + 150(0,4) 

= 260 N • m 


F4.21. C + M b ) r = ZM b 

-1,5 kN • m = (2 kN)(0,3 m) - F( 0,9 m) 


F = 2,33 kN 

F4.22. C +M C = 10^yj(2) - 10^^(4) = -20 kN • m 


F4.23. 


= 20 kN • m ? 

1f _ r, _ [— 0,2i + Q,2j + 0, 35k] m 

' ~ <\ ~ A-0,2 mf + (0,2 mf + (0,35 mf 

= + A i + T7 k 

4,5 4,5 4,5 

u ; = — k 


-ill 


i — 2_j 

2,5 2,5 J 


(Me), = (M^u, 


= ( 450N m )(-^i + A j+ M k ) 

= {- 200i + 200j + 350k} N • m 
(Mc)i = (Mc) 2 u 2 = (250 N • m)(— k) 

= {-250k} Nm 

(M c ) 3 = (M^Uj = (300 N • m)(i^-i - j J 

= {1 80S — 240j} N - m 

(Mc)» = XM c ; 

(M c )s = {— 20i - 40j + 100k} N • m 


F4.24. 




450 N)j — /yj(450 N)k 


= (360j - 270k} N 

« j 


M,. = r AB X F fl = 


k 

1 0,4 0 0 

0 360 -270 
= {180j + 144k} N-m 


tambem, 


M c = (r 2 xF,) + (r J xF J ) 

12 : a. i i 



i j k 


i j k 

= 

0 0 0,3 

+ 

0,4 0 0,3 


0 -360 270 


0 360 -270 

= ■ 

(1 80j + 144k} N 

m 


F4.25. i = ZF X ; = 1000 - -|(500) = 700 N 
+1 F Ry = 2F y ; F Ry = 750 - -|-(500) = 350 N 
F r = 7700 2 + 350 2 = 782,6 N 

S = ,s ''(™o) = 26 - 6 ”^ 

C + M Ar = ZM a ; 

M Ar = y(500)(l,2) - y(500)(l,8) + 750(0,9) 
M Ar = 315 N-m 
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F4.26. i = ZF- = 4.(50) = 40 N 

+1 pRy = 2^; F* = 40 + 30 + J-(50) 
= 100 N 

F r = /(40) 2 + (100) 2 = 108 N 

^ = tg- | (^-) = 68,2°^ 

t + M AR = ZM A - 

M Ar = 30(3) + y(50)(6) + 200 
= 470 N • m 


F4.27. i (F R ) X = XF- 

(F r ) x = 900 sen 30° = 450 N — 

+t (F r )x = ZF y ; 

(F r )i = - 900 cos 30° - 300 

= - 1079,42 N= 1079,42 N1 
F r = <J 450 2 + 1079, 42 2 
= 1 169,47 N = l,17kN 

^ = tg - | ( Ip s|#) = 67 , 40 ^ 

c+(m r ) a = t:m a - 

( M r )a = 300 - 900 cos 30°(0,75) - 300(2,25) 
= - 959,57 N m 
= 960 N • m ? 


F4.28. 

i (F*)* = 

(F r ), = 75o(y) + 250 - 500(y) = 300 N — 

+1 (F R ) y = ZF y ; 

(F R ) y = - 750(4.) -500(|) 

= - 900 N = 900 N 1 
F r = v^OO 2 + 900 2 = 948,7 N 

t+(M R ) A = m A , 

(M r ) a = 500(4-J( 0j 3)- 500(|)(1,8)- 750(4-)(0,9) 
= - 960 = 960 N • m ? 


F4.29. F, = 2F; 

F r = F, + F 2 

= (— 3001 + 150j + 200k) + (-450k) 
= {- 3001 + 150j — 200k} N 
r OA = (2 - 0)j = {2j} m 
r oB = (~ 1,5 — 0)i + (2 — 0)j + (1 — 0)k 
= {- 1,51 + 2j + lk} m 
(M s )o = EM; 

(M r )o = r OB X F, + r OA X F 2 



i j k 


i j k 

= 

-1,5 2 1 

+ 

0 2 0 


-300 150 200 


0 0 -450 

= ■ 

{ — 6501 + 375k} N • 

m 


F4.30. F, = {— lOOj } N 


F 2 = (200 N) 


{— 0,4i — 0,3k} m 


^/(-O^m) 2 + (- 0,3 m) 2 
= {— 160i — 120k} N 


M c = {- 75i) N • m 
F fi = {- 1601 - lOOj - 120k} N 


(M r )o = (0,3k)x(— lOOj) 


+ 


i j k 

0 0,5 0,3 

-160 0 -120 


+ (-751) 


= {— 1 051 - 48j + 80k} N • m 


F4.31. +1 7^ = ZF y ;F R = 2,5 + 1,25 + 2,5 
= 6,25 kN 
C+ F r x = ZM 0 - 

6,25 (x) = 2,5(1 ) + 1,25(2) + 2,5(3) 
x = 2 m 


F4.32. i (F r )j = IF- 

(F r ) x = 0,5(y) + 0,25 sen 30° = 0,425 kN - 
+t (F*)y = ZF- 

(F R ) y =1+0,25 cos 30° - 0,5(4.) 

= 0,8165 kN t 

F r = >/0,425 2 + 0, 8 165 2 = 0,917N 

^ = «"(w) =62 ' 5 "^ 

c+ (M r ) a = ZM a ; 

0,8165 (d) = 1(1 ) - 0.5( j)(2) + 0,25 cos 30°(3) 
d = 1,04 m 
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F4.33. ♦ (F R ) X = ZF- 

(F r ) x = 15(A) =12 kN- 
+t (F R ) y = ZF;, 

(F R ) y =-20+ 15(j) = - HkN = llkNl 
F r = 7l2 2 + ll 2 = 16,3 kN 

^ = tg ' , (|y) = 42 , 50 ^ 

C + {M r ) a = ZM a -, 

- 1 1(<0 = - 20(2) - 15(|)(2) + 15(|-)(6) 
d = 0,909 m 


F4.34. i (F r ) x = ZF- 

(F r ) x = (y) 5 kN — 8 kN 
= — 5kN = 5kN — 


+f (F R )y = ZF- 

(F R )y = - 6 kN - kN 
= - lOkN = 10 kN J 
F r = f? + 10 2 = 1 1,2 kN 

0 = tg "'( J 5i S L ) = 63 ’ 4 ° ?7 

C+(M r ) a = ZM a , 


5 kN(rf) = 8 kN(3 m) - 6 kN(0,5 m) 

\5kNl 


(t) 

(I) 


5 kN 


(2 m) 
1(4 m) 


d = 0,2 m 


F4.35. + J F r = Z F z ; F R = 400 + 500 - 100 

= 800 N 

= ZMy, - 800y = - 400(4) - 500(4) 
y = 4,50 m 

M Rf = ZM; 800* = 500(4) - 100(3) 
x = 2, 125 m 

F4.36. +1 F„ = ZFy 

F r = 200 + 200 + 100 + 100 
= 600 N 
= ZMy 

-600y = 200(1) + 200(1) + 100(3)- 100(3) 
y = - 0,667 m 
M Ry = ZM y ; 

600x= 100(3)+ 100(3) + 200(2) -200(3) 
x = 0,667 m 


F4.37. + 1 = ZFy 

—F R = — 6(1,5) — 9(3) — 3(1,5) 

F„ = 40,5 kN 1 
C +(M r ) a = ZM a ; 

= — 40,5(d) = 6(1,5)(0,75) 
-9(3)(1,5)- 3(1,5)(3,75) 
d= 1,25 m 

F4.38. F r = -j(l,8)(3) + 2,4(3) = 9,9 kN 
C + M AR = ZM A , 

9,9d = [y(l,8)(3)](l,2) + [2,4(3 )](3) 
d = 2,51 m 
F4.39. +\F R = ZF y ; 

-F« = -l(6)(3)-l(6)(6) 

F r = 27 kN J 
t + (M R ) A = ZMy 

-27(rf) = i(6)(3)(l)-l(6)(6)(2) 
d= lm 

F4.40. +| F r = ZF; 

Fr — ^(l )(2) + 3(2) + 2,5 
= 9,5 kN 
C + M AR = ZM A ; 

9,5 d = [i-(l )(2)](2)(|) + [3 (2)]( 1 ) + 2,5(3) 
d = 1,56m 


F4.41. + \F R = ZF; 

~F r = — -j(3)(4,5) — 3(6) 

7^ = 24, 75 kN 1 
C+ (M r ) a = zm a , 

-24,75(rf) =-l(3)(4,5)(l,5) - 3(6)(3) 
d = 2,59 m 


F4.42. F R = J w(x) dx = J*2,5x 3 dx = 160 N 
C + M*r = ZM a , 


X = 


f xw(x)dx f 2,5} c 4 dx 
= / W (x)A = ° =3 ’ 2 ° m 


160 
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Capitulo 5 

F5.1. i ZF X = 0; - A x + 250o(-| J = 0 
A x = 1500 N 

t + ZM A = 0; B y ( 3) - 2500^(1,5) - 900 = 0 
F,= 1300N 

+ 1 ZF y = 0; A y + 1300 - 2500(-|) = 0 
A y = 700 N 

F5.2. C + ZM A = 0; 

F cd sen 45°(1,5 m) - 4 kN(3 m) = 0 
F cd = 1 1,31 kN = ll,3kN 

i ZF X = 0; A x + (11,31 kN)cos45° = 0 
4=-8kN = 8kN- 
+ t2F r = 0; 

4 + (ll,31kN)sen45°-4kN = 0 
A y = - 4 kN = 4 kN l 

F5.3. C + ZM A = 0; 

N b [6 m + (6 m) cos 45°] 

- 10 kN[2 m + (6 m) cos 45°] 

-5 kN(4 m) = 0 

N b = 8,047 kN = 8,05 kN 

- 2F X = 0; 

(5 kN) cos 45° - A x = 0 

A x = 3,54 kN 

+ 12^ = 0; 

A, + 8,047 kN - (5 kN) sen 45° - 10 kN = 0 
A, = 5,49 kN 

F5.4. i ZF X = 0; - A x + 400 cos 30° = 0 

A x = 346 N 

+ 12^ = 0; 

Ay-- 200 - 200 - 200 - 400 sen 30° = 0 
A y = 800 N 

C+ZM a = 0 ; 

M a - 200(2,5) - 200(3,5) - 200(4,5) 

-400 sen 30°(4,5) - 400 cos 30°(3 sen 60°) = 0 
M a = 3,90 kN-m 


F5.5. S+ZM a = 0; 

N c ( 0,7 m) - [25(9,81 ) N](0,5 m) cos 30° = 0 
N c = 151,71 N= 152 N 

- 2F, = 0; 

T ab cos 15° - (151,71 N) cos 60° = 0 
T ab = 78,53 N = 78,5 N 
+ 12 ^, = 0 ; 

F a + (78,53 N) sen 15° 

+(151,71 N)sen 60° — 25(9,81) N = 0 
F a = 93,5 N 

F5.6. = 0; 

N c sen 30° - (250 N) sen 60° = 0 
N c = 433,0 N = 433 N 
C+ EM b = 0; 

- N a sen 30°(0, 15 m) - 433,0 N(0,2 m) 
+ [(250 N) cos 30°](0,6 m) = 0 

N a = 577,4 N = 577 N 
+ 1 2F„ = 0; 

N b - 577,4 N + (433,0 N) cos 30° 

- (250 N) cos 60° = 0 
N b = 327 N 

F5.7. 1F Z = 0; 

L + T B + T c -\ -2,5=0 
ZM X = 0; 

L(0,9) + 7^0,9) - 2,5(0,45) - 1(0,9) = 0 
ZM y = 0; 

- U 01,2) - 7^01,2) + 2, 5(0,6) + 1(0,6) = 0 
T a = l,75kN, T b = 1,25 kN, T c = 0,5 kN 

F5.8. ZM y = 0; 

600 N(0,2 m) + 900 N(0,6 m) - F A {\ m) = 0 
F a = 660 N 
ZM X = 0; 

D z { 0,8 m) - 600 N(0,5 m) - 900 N(0,1 m) = 0 

D z = 487,5 N 

ZF X = 0; D z = 0 

ZF y = 0; D y = 0 

2F, = 0; 

T bc + 660 N + 487,5 N - 900 N - 600 N = 0 
T bc = 352,5 N 

F5.9. ZF y = 0; 400 N + C y - 0; 

C y =- 400 N 

ZM y = 0; -C x (0,4 m) - 600 N (0,6 m) = 0 
C x = -900 N 
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ZM X = 0; 5,( 0,6 m) + 600 N (1,2 m) 

+ (- 400 N)(0,4 m) = 0 
B z =- 933,3 N 
ZM z = 0; 

- 5,(0,6 m) + -(-900 N)(l,2 m) 

+ (—400 N)(0,6 m) = 0 

B x = 1400 N 

25, = 0; 1400 N + (-900 N) - A x = 0 
A x = 500 N 

25, = 0 ;A Z - 933,3N + 600 N = 0 
A z = 333,3 N 
F5.10. 25, = 0; B x = 0 
EM Z = 0; 

C y (0,4 m + 0,6 m) = 0 C y = 0 

ZF y = 0; A y + 0 = 0 Ay = 0 

ZM X = 0; Cy (0,6 m + 0,6 M) + B t (0,6 m) 

- 450 N (0,6 m + 0,6 m) = 0 
1,2c, + 0,65, - 540 = 0 
ZM y = 0; -C,(0,6 m + 0,4 m) 

-5,(0, 6 m) + 450 N(0,6 m) = 0 
-C, - 0,65,+ 270 = 0 

C, = 1350N 5, =-1800 N 

ZF z = 0; 

A z + 1350 N + (- 1800 N) - 450 N = 0 
A z = 900 N 

re.ll. 25, = 0; Ay = 0 

EM X = 0; -9(3) + F CE (3) = 0 
F ce = 9 kN 

EM Z = 0; F cf (3) - 6(3) = 0 
F cf = 6 kN 

2 M y = 0; 9(4) - 4,(4) - 6(1,5) = 0 
4, = 6,75 kN 

25, = 0; 4, + 6- 6= 0 4, = 0 
ZF z = 0; Fa, + 9 - 9 + 6,75 = 0 
Fob = -6,75 kN 
F5.12. 25, 0; 4, = 0 

25, = 0; Ay = 0 
25, = 0; A z + F bc - 400 =0 
ZM X = 0; (Ma\ + l,85 flC - 400(1,8) = 0 
ZM y = 0; 9 F bc - 400(0,45) =0 F BC = 200 N 
EM Z = 0; (M a ) z = 0 
4, = 200 N (MJ, - 360 N • m 


Capitulo 6 

F6.1. 4. 

+ 125, = 0; 1 kN — F AD sen 45° = 0 
F ad = 1,414 kN(C) 

- 25, = 0; - (1,414 kN) cos 45° = 0 

F, fl = lkN(T) 

No B. 

- 25, = 0; 5 ec - 1 kN = 0 
5 BC = lkN(T) 

+ 1 2 F y = 0; F bd = 0 

No D. 

- 25, = 0; 

Tvo cos 45° + (1,414 kN) cos 45° - 2 kN = 0 
F cd = 1,414 kN(T) 

F6.2. No D: 

+ I2f;. = 0;|-5 CO - 1,5 kN = 0 
5 C0 = 2,5kN(T) 
i25, = 0;-5, o + |(2,5) = 0 
F ad = 2 kN(C) 

Fbc = 2,5 kN(T), F AC = F AB = 0 

F6.3. 4, = 0, 4, = C, = 2 kN 

No A: 

+ 1 ZF y = 0; - + 2 = 0 

F ae = 3,333 kN(C) 

M5 C: 

= 0; — F dc + 2 = 0; 

F dc = 2 kN(C) 

F6.4. M>C. 

+ l25, = 0; 25 cos 30° — 5 = 0 

F aC = F BC = F = 'YcmW = °* 5774/, ( C ) 

No B. 

- 25, = 0; 0, 57745 cos 60° -F AB = Q 
F ab = 0,28875 (T) 

5^ = 0,28875 = 2 kN 
5 = 6,928 kN 

F AC = F BC = 0,57745= 1,5 kN 
5 = 2,598 kN 

O menor valor de 5 e escolhido 
5 = 2,598 kN = 2,60 kN 
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